reported that many strains of Lactobacilluss bulgaricus, Lactobacillus lactis, Lactobacillus acidophtlus, Lactobacillus delbrueckii, and Lactobacillus leichmannii failed to grow in semisynthetic media similar to those used for vitamin assay with other lactic acid bacteria, even though all of the then known B vitamins were added. Since that time oleic acid (Williams, Broquist, and Snell, 1947; Hutchings and Boggiano, 1947), pyridoxamine phosphate Snell, 1948, 1950), and an unidentified substance provisionally termed "LBF" (Lactobacillus bulgaricus factor, Williams, Hoff-Jorgensen, and Snell, 1C49) have been shown to be essential for the growth of certain of these organisms. A series of preliminary reports (e.g., Shorb, 1948; Kitay, McNutt, and Snell, 1949; Kocher and Schindler, 1949; Hoff-Jorgensen, 1949) has also established that certain of these org require vitamin B12, desoxyribosides, or certain reducing agents for growth.
) is suspended by gradual addition in 2 liters of 0.8 per cent sodium bicarbonate solution. One g of pancreatin, suspended in 15 to 20 ml of water is added to this uniform suspension, and the pH of the mixture is adjusted to 8.0 with KOH. The mixture is covered with a thin layer of toluene, shaken well, and allowed to stand for 56 hours at 37 C. At the end of this period the mixture is steamed for 20 to 30 minutes and cooled to room temperature. The pH of the solution is adjusted to 6.8 with glacial acetic acid and filtered with mild suction. Sixty g of activated carbon (Darco G 60) are added to the filtrate; the mixture is stirred for 30 minutes, then filtered with suction. This filtrate is adjusted to pH 3.0 with glacial acetic acid and HCl, stirred for 30 minutes with 24 g of activated carbon, and filtered with the aid of filter-cel. A total of 80 ml of glacial acetic acid is used. The final clear filtrate is diluted to 2.4 liters and contains 40 to 50 mg of solids per ml. Inoculum. Two loopfuls of the milk culture were transferred to a tube of the inoculum medium, which was incubated for 18 to 24 hours at 37 C. The cells were centrifuged, washed twice, then resuspended in 10 ml of 0.9 per cent NaCl solution. One drop of this heavily turbid suspension was used to inoculate each experimental tube of 10 ml.
Basal medium. The composition of that portion of the basal medium common to all media used is shown in table 1. The salt mixtures used to complete various individual media are shown in table 2. The double-strength media were prepared as needed for assay purposes from stock solutions of salts, vitamins, etc., and the pH was adjusted to 6.6 with KOH.
Procedure. Materials to be tested were dispensed in a series of uniform 18-by-150-mm pyrex test tubes, water was added to 5 ml, and then 5 ml of the basal medium, appropriately supplemented as noted in the tables, were added. The tubes were covered with aluminum caps, autoclaved at 120 C for 5 to 7 minutes, cooled, inoculated, shaken to disperse the organisms throughout the medium, and incubated at 37 C. Growth was estimated photometrically, directly in the selected tubes, with an Evelyn colorimeter and the 660-m,u filter. Turbidities were measured at intervals during a period of 18 to 72 hours after inoculation.
When unheated materials were tested, solutions were neutralized, sterilized by filtration through sintered glass or Seitz filters, and added aseptically to assay tubes after the medium had been autoclaved and cooled.
Growth response of the various organisms to thymidine. As previously reported (Snell, Kitay, and McNutt, 1948) (Williams, Hoff-Jorgensen, (Kitay and Snell, 1950) , this supplement was replaced in some media by small amounts of pyridoxamine phosphate and a concentrate of the Lactobacillus bulgaricus factor (LBF; Williams, Hoff-J0rgen-sen, and vitamin at levels as high as 50 to 100 mug per 10 ml of medium. For these organisms, thymidine or, less efficiently, other desoxyribosides and desoxyribonucleic acid must be considered as essential growth factors under these conditions. Thymine, high levels of folic acid (up to 5,g per 10 ml), cobaltous ion, and ribosides such as adenosine and inosine were ineffective in promoting growth of any of these organisms. A hydrolyzate of hypoxanthine desoxyriboside, prepared in a manner reported to yield the theoretical quantity of D-2-desoxyribose (Levene and Bass, 1931) , was also ineffective, as was a synthetic preparation of this sugar kindly supplied by Dr (Kitay, McNutt, and Snell, 1949; Shive, Ravel, and Eakin, 1948; Kocher, 1949; Greene, Brook, and McCormack, 1949) . Koditschek, Hendlin, and Woodruff (1949) Relation of the enzymatic casein digest of the medium to the growth response to ascorbic acid. Welch and Wilson (1949) observed that ascorbic acid replaced vitamin B12 for L. leichmannii only in media that contained enzymatic casein digests, and that the effectiveness of ascorbic acid was much enhanced by autoclaving it with the medium. On these grounds, they suggest that oxidation prod- Kitay and Snell, 1950 These data and those of table 5 demonstrate that ascorbic acid cannot be acting solely through the production of vitamin B12 from oxidized products present in the enzymatic digest of casein since (a) it is active for several organisms in the absence of such digests, and (b) it promotes growth of certain organisms that cannot utilize vitamin B1,2 under the same conditions. It also seems apparent that the effect is not due to the production of utilizable forms of the The response of L. citrovorum to thymidine. In contrast to the other organism tested, L. citrovorum, although it responded to thymidine (table 3), did not respond to additions of any of the other four desoxyribosides, to desoxyribonucleic acid, to ascorbic acid, or to vitamin B12. It differed from L. delbrueckii 730, which showed somewhat similar behavior (table 4), in that reticulogen (a refined liver extract) was highly active in promoting its growth. Others (Sauberlich and Baumann, 1948, 1949) have shown that a growth factor of unknown structure but apparently closely related to folic acid (Sauberlich, 1949; Bond et al., 1949) is highly active in replacing thymidine in the nutrition of this organism. Concentrates of this factor were ineffective in replacing desoxyribosides for any of the other organism tested.
DISCUSSION
No single explanation for the observed interchangeability of desoxyribosides, vitamin B12, and reducing agents in the nutrition of many of these organism is apparent. It was previously suggested (Kitay, McNutt, and Snell, 1948) in nature suggest that other forms of the vitamin may also occur. It is quite possible that the combined effects of ascorbic acid and enzymatic protein digests, though demonstrably not due to the production of vitamin B12 per se, may be due to fragments of this vitamin which are active for a wider range of organisms than is vitamin B12 itself. Additional experimentation is required to assess the credibility of these and several other possible explanations for the observed interrelationships.
The existence of organisms showing the markedly different specificities toward desoxyribosides, vitamin B12, and reducing agents described in this paper should be of considerable value in permitting the development of more specific assay methods for the vitamin, in the detection of possible additional forms in which it occurs, and in the elucidation of its mode of action.
SUMMARY
Eighteen strains of lactic acid bacteria, representative of six different species and hitherto not cultured in media of known composition, were examined for certain additional nutritional requirements.
None of these bacteria grew in a medium complete with respect to known amino acids and synthetic vitamins and supplemented with tomato juice and an enzymatic digest of casein. All grew when thymidine was added to this medium. [VOL. 59 DESOXYRIBOSIDES AND VITAMIN BU In most cases, thymidine could be replaced by either hypoxanthine desoxyriboside, adenine desoxyriboside, guanine desoxyriboside, cytosine desoxyriboside, or high levels of desoxyribonucleic acid. Individual differences in the availability of the various desoxyribosides were noted. Several organisms (e.g., Lactobacillus delbrueckii 730) grew more rapidly and heavily with thymidine than with other desoxyribosides, and one, Leuconostoc citrovorum 8081, grew only with thymidine. For a few other organisms, cytosine desoxyriboside appeared to be more active than other desoxyribosides. Most organisms showed delayed growth with desoxyribonucleic acid.
Vitamin B12 replaced thymidine (or other desoxyribosides) for many, but not all, of these organisms. L. delbrueckii 730 and Lactobacillus acidophitus 204 are examples of organisms that respond to thymidine, but not to vitamin B12.
Ascorbic acid, thioglycolic acid, cysteine, or glutathione replaced thymidine, other desoxyribosides, or vitamin B12 for many of these organisms in media that contained an enzymatic digest of casein. For most organisms, these reducing agents were ineffective in eliminating the requirement for these growth factors when the enzymatic casein digest was omitted from the medium. L. acidophilus 204, L. acidophilus S, and Lactobacillu-s helveticus S, however, grew well when ascorbic acid was supplied under these latter conditions.
When added aseptically to previously autoclaved media, vitamin B12 and vitamin Bl2b were equally active in promoting growth. Sterilization with the medium reduced the activity of vitamin Bl2b to approximately one-seventh that of vitamin B12. Although all organisms required similar amounts of the active desoxyribosides for growth, a very considerable variation in the amounts of vitamin B12 required was observed.
